Abstract One key component in HIV prevention is serostatus disclosure. Until recently, many studies have focused on interpersonal factors and minimally considered meeting venues as they pertain to disclosure. Using data (N = 3,309) from an online survey conducted across 16 U.S. metropolitan statistical areas, we examined whether HIV serodisclosure varies by online/offline meeting venues in both protected and unprotected anal intercourse encounters. Most of the sample (76.9 %) reported meeting men for sex (last 90 days) both online and offline, versus 12.7 % offline only and 10.4 % online only. After controlling for other variables, we found that the men who meet partners in both online and offline were 20*30 % more likely to report disclosing their HIV status prior to sex than men who met their partners exclusively either offline or online. While previous studies have identified the Internet as a risk environment, our findings suggest bi-environmental partner seeking may also have beneficial effects.
Introduction
The Centers for Disease Control and Prevention (CDC) estimates that approximately 1.2 million people in the United States are living with HIV/AIDS and an estimated one in five people are unaware that they have the infection [1] . The majority of the new cases in the US are occurring in men who have sex with men (MSM). While MSM comprise only 4 % of the general population, they account for 78 % of new HIV diagnoses among men and 63 % of all new infections [1] . Disclosure of HIV status to sexual partners may reduce risk of transmission in sero-discordant partnerships [2] and has been promoted as a sexual risk reduction strategy to appraise risk in sexual partnerships [3] , screen potential partners for the same HIV status as oneself (i.e., serosorting) [4] , and negotiate sexual practices that may reduce the risk of HIV transmission (i.e., strategic positioning) [5] .
HIV status disclosure among sexual partners is a complex process characterized by several attributes, including age [6] , race/ethnicity [6, 7] , income [2] relationship status [8, 9] , sexual identity (i.e., bisexual men vs. gay men) [10] , openness as gay/homosexual [11] , and sexual partner meeting environment [12] . In addition, disclosure among men varies by an individual's own serostatus. HIV-positive men may seek out same HIV status partners for many reasons, including limiting the risk of transmission to a HIV-negative partner, legal concerns regarding laws requiring HIV disclosure, and psycho-social factors such as stigma, fear of rejection and safe sex fatigue [5, 13, 14] . By contrast, HIV-negative men may be motivated to seek out same serostatus partners to avert risk of infection to themselves [14] .
HIV disclosure can also vary by type of sexual behavior; either unprotected anal intercourse (UAI) or protected anal intercourse (PAI). Engaging in either UAI or PAI is a choice that is not always ''rational'' [15] . The intent to use protection in a sexual encounter can vary from what actually ends up happening when the opportunity presents itself [15, 16] . HIV serodisclosure discussions prior to sex enable both individuals to make healthier and informed choices regarding their choice of partners, the type of sex engaged in, and whether protection is necessary [17] . Many MSM believe that provided they use protection during their sexual encounters, no disclosure of HIV is necessary [18] [19] [20] [21] . This is also a defense in some states which otherwise require HIV-positive persons to serodisclosure prior to sex. HIV disclosure is also important in terms of individuals who participate in UAI and the potential legal implications of non-disclosure if one is infected with the disease [22] .
The environment where an individual meets a potential partner has been significantly associated with either safer sex or unsafe sexual decision-making as well as subsequent behaviors [11, 15, 19, 23, 24] . In the last two decades, the popularity of using the Internet to locate sexual partners has skyrocketed due to the medium's accessibility, affordability, anonymity and acceptability [25] [26] [27] . Websites and smart phone/mobile apps such as Manhunt.net, Adam4Adam.com, Grindr, Gay.com, Craigslist, and many others have now become very popular for sexual and social networking among MSM both in the US and internationally. The Internet provides a unique opportunity for easier disclosure of HIV serostatus than standard ''offline or physical'' meeting venues (such as, bar/club, party, school, work, bathhouse, park, gym, etc.) as individuals can simply write or check their serostatus on their online profiles [13, 22, 25, 28] . However, researchers have noted that there is a high level of inaccurate serodisclosure in ''online or virtual'' environments [29] . In addition, men who use the Internet to seek sex with men report more sexual partners and a higher frequency of UAI than men who only seek partners offline [26, 30] .
Despite the popularity of Internet-based meeting environments, the use of ''offline or physical'' meeting venues still remains quite common [15] . Offline or physical venue environments include private parties, bars, bathhouses, through friends, work, community events, support groups, school, gyms, public restrooms, parks, and countless other places [23] . It is debatable whether offline or online environments are more conducive to HIV disclosure. In at least some offline environments, verbal communication is considered inappropriate or awkward (e.g., parks, public restrooms, bathhouses) and can impede HIV serostatus disclosure. Other offline environments, such as meeting through mutual friends or at a party may introduce additional challenges to disclosure if there is concern about mutual friends overhearing or learning of one's HIV status. MSMthemed community events may facilitate HIV disclosure due to a higher perceived comfort level among individuals. Online, the way profiles are set up may facilitate or impede HIV disclosure, and whether or how much a reader reads and adequately comprehends the profile likely varies across MSM.
Several studies which have examined the role of the meeting venue on HIV disclosure, have typically compared 'online' and 'offline' settings by treating them as mutually exclusive [23, 25, 31] . Today, many if not most, MSM use a combination of environments to meet their potential sexual partners [32, 33] . In this study, our primary purpose is to compare how MSM who meet partners for sex, online, offline or both online and offline environments, vary in their HIV serodisclsoure. In addition, given the lack of prior studies studying ''both online and offline'' environment, we sought to identify personal and behavioral variables that might affect disclosure of HIV status. ''Online only'' refers to MSM who report first meeting partners only ''virtually,'' such as through the use of various dating or ''hookup'' websites and mobile apps, (e.g., Grindr, Adam4Adam, Manhunt, Dudesnude, Bigmuscle) and then hooking up for sex. ''Offline only'' refers to MSM who report first meeting partners only in physical (non-virtual) locales, whether it would be at a gay bar/club, party, school, work, bathhouse, park, gym, or any type of environment not preceded by initial online contact. ''Onlineoffline'' refers to MSM who report meeting men for sex in both environments.
Within the Social Cognitive Theory framework, Bandura [34] explained human behavior in terms of a triadic, dynamic and reciprocal model in which personal factors, behavior and environmental influences all interact. Following Bandura's typology we model our analysis to examine personal, behavioral, and environmental factors potentially associated with HIV disclosure. Since online environments have more ways of serodisclosing, we hypothesize that MSM who meet partners for sex only online or in virtual environment should have the highest rates of HIV serodisclosure; men who meet partners offline or in physical environment, the lowest rates, with MSM who meet partners in both environments reporting rates in between.
Methods

Study Participants
In 2008, we began a four-wave prospective, matchedsample study of MSM in 16 U.S. metropolitan statistical areas (MSAs). Defined by the U.S. Office of Management and Budget (OMB) [35] , and used by the U.S. Census, an MSA is a geographical region with relatively high population density, and close social and economic ties throughout the area. A typical MSA is centered on a single large city that wields substantial influence over the region (e.g., the greater Chicago, or Atlanta area, as distinct from the city limits). The purpose of the Structural Interventions to Lower STI/HIV risk (SILAS) study [22, 36] was to assess the extent to which legislation about homosexuality influenced alcohol use and risky sexual behavior among MSM. Data for this analysis came from the fourth wave of data collection. We recruited 5,047 MSM into wave four between May 20, 2011, and December 26, 2011. The eligibility criteria were being a biological male, having prior sexual experience with a man, being 18 years or older, and reporting a residential zip code in a MSA under study. This analysis was restricted to participants (N = 3309, 65.6 %) with complete data on meeting venue and at least one sex partner in the past 3 months prior to the survey.
Data Collection Procedures
Participants were recruited with geo-targeted banner advertisements to adult male members of Facebook (http:// www.facebook.com) who self-identified as attracted to men; and to men who frequented websites affiliated with the Gay Ad Network (Quantcast Corporation, n.d.). Banner advertisements and emails directed interested persons to a webpage hosted on a dedicated university server with appropriate encryption to ensure data security. The webpage included information about the study procedures and a link to the eligibility screener. Eligible respondents were invited to complete our consent protocol. Initially, 8,419 enrollees were deemed eligible, 7,930 consented to participate and 6,796 completed the survey. We adapted a standard de-duplication and cross-validation protocol developed by our team to exclude participants with duplicate or suspicious surveys [37, 38] and impossible or nonsensical data patterns [39] . This resulted in 5,047 (73.4 %) completed surveys deemed to be from unique valid participants (see Fig. 1 ).
Participants were asked a variable number of items depending on responses and skip patterns (maximum of 123 questions). The mean survey completion time was 71 min, and participants who completed the survey were compensated with a $30 gift card. Participants could opt out of answering any question by clicking a ''refuse to answer'' option. A Certificate of Confidentiality was obtained from the National Institutes of Health. The institutional review board of the researchers' home institution approved study procedures.
Measure
The survey consisted of sections about demographics; Internet use; sexual behaviors with partners from online, from bars/clubs and from other locations; rectal enema/ douche use; current alcohol and drug use; sexuality and role in sex; long-term relationships (LTRs); openness as gay and bisexual men; mental health; internalized homonegativity; HIV and STI status; perception of the gay scene in the MSA; awareness of public policy in the MSA; and social climate toward gay people at work, in the family, neighborhood, MSA, and state levels. For this analysis, we grouped intrapersonal characteristics such as age, race/ethnicity, and income as personal variables; behavioral characteristics such as number of sexual partners, and unprotected anal intercourse as behavioral variables and residence in urban or rural MSA or in pro or anti-gay MSA as environmental variables. Measures relevant to this analysis are described below.
HIV Serostatus Disclosure
In order to assess HIV serodisclosure, two questions were asked on the survey. The first was, ''Thinking about the times you had protected anal sex (condom was used) in the past 3 months, how often did you tell your sex partner(s) your HIV status?'' and the other was, ''Thinking about the times you had unprotected anal sex (no condom used) in the past 3 months, how often did you tell your sex partner(s) your HIV status?''. The response options for both questions were ''Never (0 % of the time)'', ''Rarely (1-24 % of the time)'', ''Sometimes (25-49 % of the time)'', ''Frequently (50-74 % of the time)'', ''Always or almost always (75-100 % of the time)'', ''Not applicable, I have not had sex in the last 3 months'', ''Not applicable, I have not had sex with (or without, for UAI) a condom in the last 3 months'', and ''Refuse to answer.'' The answers were then coded into binary outcomes by setting any answer of ''Never'', ''Rarely'', ''Sometimes'', and ''Frequently'' to ''no'' and ''Always or almost always'' as ''yes.'' The study participants who indicated either of the ''Not applicable'' answers or refused to answer the question were marked missing and were excluded from this analysis.
Sexual Risk Behavior
A sexual behavior battery investigated sexual risk behavior in the past 3 months with partners met online, at a gay bar/ club, and at any other physical location(s). Data from both physical venues (''gay bar/clubs'' and ''other'') were combined at analysis. If participants indicated they engaged in anal sex in the past 3 months with a partner(s) met online or offline, they were asked to report the number of partner(s), and the number with whom they had unprotected (without condom) and protected (with condom) sex, estimated separately. Using these estimates, we created three summary variables; total number of partners (0 partner/1-2 partner/2? partners) unprotected anal intercourse male partners (UAIMP: 0-2 partners/2? partners) and protected anal intercourse male partners (PAIMP: 0 partner/1? partners).
Meeting Venue
Venue where participants met their sexual partners in the last 3 months was placed into three categories: ''Online only'', ''Offline only'', and ''Both online and offline.'' For online only, participants had to report at least one man met online and no men met offline. Conversely, participants were placed in the ''offline only'' group if they reported at least one man met offline and none met online. For men who reported meeting men both online and offline, they were placed in the both online and offline category.
Sexual Orientation
Participants' sexual identity was investigated by asking, ''Do you identify as…'' with response options being gay/ homosexual, bisexual, heterosexual, or other (with a space to write in their response). They were also asked to report role-in-sex by identified themselves as top, top/versatile, versatile, bottom/versatile, bottom, oral only, oral and jerking off, and jerking off only. At analysis, we categorized participants as no anal (either oral only, or oral and jerking off, or jerking off only), top only, top/versatile, versatile, bottom/versatile, and bottom only; and treated it as continuous with higher score indicating risker role in sex. To assess the relationship between meeting venue and HIV disclosure in UAI and PAI contexts, and the relative contribution of personal and behavioral factors as well as the block of factors on this relationship, we used a block regression strategy. Three separate multivariable (multiple) regression models were run to identify factors associated with HIV disclosure (0 = did not disclose, 1 = yes, did disclose). Personal characteristics that were significant (p B 0.05) at the bivariate level were entered into the first multivariable regression model. In the second multivariable regression model, we included behavioral variables that were significant (p B 0.05) at the bivariate level. Finally, in the third model we included all the variables that were significant (p B 0.05) in the first two regression models along with the meeting venue variable. We built a threelevel (individual, rural/urban MSA, and pro/anti MSA) random-intercept random coefficient nested regression model using gllamm [42, 43] in STATA. We calculated adjusted risk ratios and respective 95 % confidence interval with a robust variance estimator correcting the standard errors. We used the likelihood ratio (LR) test to build the most parsimonious model. All statistical tests were twotailed, and all analyses were conducted in STATA 11 software [44] .
Results
Demographic, Sexual, and Behavioral Characteristics
Personal and behavioral characteristics of the participants are presented in Table 1 . Of the 3,309 study participants, the majority identified themselves as White (72.6 %) and gay/ homosexual (90.6 %). The mean age of the study participants was 33.8 years, and most indicated having a college degree (50.3 %) and having an income of less than forty thousand in a year (57.4 %). Over three-fourths of respondents (76.9 %) reported that they used both online and offline venues to seek sexual partners, while 12.7 % used exclusively offline venues and 10.4 % used exclusively online venues. Reflecting the study design, most (76.4 %) indicated that they resided in an urban MSA, and about half (54.5 %) of the respondents evaluated their MSA as being tolerant towards homosexuality, while the other half evaluated their city as antagonistic or homonegative. Twelve percent of the respondents stated that they were HIV-positive and 12.3 % reported that they had a (non-HIV) sexually transmitted infection in the past 12 months.
HIV Disclosure in UAI and PAI Context
The primary dependent variables in this study were HIV serodisclosure before UAI and PAI context. During UAI context, 51.2 % of the participants reported serodisclosing before UAI, whereas in the PAI context, 48.7 % reported serodisclosing before PAI. Among those who serodisclosed prior to UAI, most (82.5 %) met their partners using a combination of offline and online venues, 7.8 % of participants met their partners exclusively online, and 9.8 % exclusively offline. For PAI, 81 % met using both, 9.3 % using online and 9.7 % using offline venue.
To identify potential demographic and behavior correlates of serodisclosure, we examined which characteristics were statistically significant in both UAI and PAI disclosure situations (see Table 1 ). Age, race/ethnicity, income, marital status to a man, sexual identity, openness, internalized homonegativity, depressive symptoms, and non-HIV STI status were significantly associated (p B 0.05) with those who serodisclosed all or almost all the time prior to UAI and PAI. HIV status was not associated with serodisclosure in UAI, however HIV-negative men were more likely to serodisclose before PAI. For the behavioral variables, identifying as a versatile, having more partners, and a recent history of UAI were associated with HIV serodisclosure before both UAI and PAI.
Correlates of HIV Disclosure in UAI Context Table 2 shows the results of both univariate and multivariable regressions, with serostatus disclosure as the outcome variable in UAI and PAI situations. In the final model controlling for other variables, meeting environment was associated with HIV disclosure before UAI. intercourse male partners (RR = 0.83, 95 % CI 0.79-0.87; p \ 0.001) were less likely to serodisclose in the PAI context.
Discussion
The primary purpose of this analysis was to compare HIV serodisclosure across three separate types of environments for meeting sexual partners-online only, offline only, and both online/offline. A secondary purpose was to identify demographic and behavioral variables that might affect disclosure of HIV status. Because HIV serodisclosure can reasonably be expected to differ before UAI and PAI, each was investigated separately. For both UAI and PAI, HIV disclosure varied by meeting environment. More than three-fourths of the sample reported meeting men for sex (last 90 days) using both online and offline methods, versus 12.7 % who used offline only and 10.4 % who used online only. Thus, the key finding of this study is that the MSM who meet their sexual partners exclusively either offline or online were about 20*30 % less likely to report disclosing their HIV status prior to sex than men who met their partners both online-offline (after controlling for all other variables). Our findings contradict with other studies [13, 23, 25, 26] which found that MSM who meet their sexual partners online are more likely to disclose their serostatus than men who meet their partners offline. However, this analysis is the first, to our knowledge, to show that MSM who use a combination of environments to meet sexual partners are more likely to serodisclose than MSM who use only one environment. There are at least two possible interpretations of this key finding. First, men who seek partners ''bi-environmentally'' versus ''mono-environmentally'' may be analogous to linguistic students (bilingual versus monolingual), race/ethnicity (biracial versus monoracial), sexuality (bisexual versus monosexual) and travelers (bicultural versus monocultural). In each case, exposure to more than one language, race, sexuality, culture or other life dimension provides a potential strength that builds perspective and insight. Etymologically-speaking the comparison of ''sophisticated'' (from sophizesthai meaning ''to become wise, learned or clever'') versus ''inexperienced'' (meaning lacking experiment, proof or experience) may best describe the benefit from seeking partners bi-environmentally versus mono-environmentally. Because HIV disclosure is expressed very differently in the two environments, those who navigate both environments are likely to learn multiple skills and ways to serodisclose versus those who seek partners in only one environment. Future research could test this hypothesis by examining HIV serodisclosure selfefficacy between those seeking partners bi-environmentally Table 1 continued Variable Total HIV disclosure before UAI (n = 2,358) HIV disclosure before PAI (n = 2,593) Ref.
Ref.
Offline only Ref.
Never married Ref.
Yes Ref.
Gay Ref.
Present ( Ref.
Ref. Ref.
Ref. Adjusted for self-reported role in sex, number of unprotected anal intercourse male partner and number of protected anal intercourse male partner c Adjusted for meeting venue, income marital status, sexual identity, openness, internalized homonegativity depressive symptoms and number of unprotected anal intercourse male partner; variances of random effects-level versus mono-environmentally. Our results lead us to hypothesize that HIV serodisclosure self-efficacy will be greater in MSM seeking partners bi-environmentally versus mono-environmentally. A second possible interpretation is that this finding is a statistical artifact. Because so many more MSM report findings partners bi-environmentally, they represent the norm, relegating uni-environmental partner seekers as statistical outliers. Our findings also suggest a potential bias in prior studies. Because most MSM use both environments to meet partners, our own and others' prior analyses that compared any online sex-seeking with exclusively offline sex seeking were in fact comparing men who use only mono-environments We recommend future researchers employ the trichotic (offline only, online only, and both online-offline) comparison to avoid this bias. Using Bandura's typology, personal characteristics associated with non-disclosure in both UAI and PAI context include being previously married, self-identified gay/ homosexual, being depressed, and being less open as gay/ homosexual. In addition, Black MSM (vs. White MSM), and MSM who expressed more internalized homonegativity were each significantly less likely to disclose their HIV serostatus to sexual partners before PAI. Consistent with other studies [6, 7] , race/ethnicity remained a factor to consider in disclosure, with all racial/ethnic minorities less likely to disclose than White MSM. Carballo-Dieguez et al. [13] attributes this finding to cultural factors. For example, Harawa et al. [45] in their study of HIV positive African American MSM state that serodisclosure is influenced by the fear of exclusion. They also noted, ''HIV prevention among non-gay identified African American men is complicated by issues of secrecy, racism, and a lack of identification with gay communities and norms'' (p. 683). In the Positive Connections study of 675 HIV positive MSM, Rosser et al. [11] reported that participants who were most out as gay were also more likely to serodisclose before sex. Similarly, in our current sample, openness as gay/homosexual was associated with HIV serodisclosure before PAI as well as UAI. However, our findings also contradict several previous findings. Contrary to Eustace and Ilagan's [12] findings, MSM who do not identify as gay in this study remained more likely to disclose their HIV serostatus (after controlling for other variables). As the two key differences between the prior studies and this study are: (1) in this study we controlled for online-offline environment, and (2) this study was conducted in the era of web 2.0 and smart technology, we speculate that individual differences around gay identification are being erased by technology which makes it easier to serodisclose online. Most study participants (88.0 %) identified their HIV status as HIV negative and most (62.8 %) have never been diagnosed with a non-HIV STI. In contrast to previous studies which report a relationship [5, 13, 14] , in our study HIV serostatus was not associated with HIV disclosure either before UAI or PAI.
More than sixty percent of the participants reported having more than two sexual partners in the last 90 days with nearly one-third reporting UAI with at least two male partners. Among participants with more than two partners, 45 % (721/1605) disclosed their serostatus before UAI and 44 % (783/1791) before PAI. However, among participants who reported more than two UAI male sexual partners in last 90 days, only 31 % (261/852) and 25 % (187/756) disclosed in UAI setting and in PAI setting respectively. In multivariable analysis, participants with multiple unprotected anal male sexual partners in last 90 days (2? vs. 0-2 partners) were less likely of serodisclosing in both settings.
A strength of this analysis is that serostatus disclosure both before PAI and before UAI were assessed separately, allowing us to identify what factors may be common to HIV serodisclosure, and what factors may be specific to using or not using protection. Interestingly, in the final model, while disclosure before PAI and UAI had six variables in common, our analysis identified two additional variables which were significant only in disclosure before PAI. This supports our a priori assumption that HIV serodisclosure before UAI and PAI should be investigated separately. It also suggests that serodisclosure is a complex, sophisticated process.
There are four principal limitations in this study. First, this is a cross-sectional study and, as such, causality cannot be assumed. Second, all the data are retrospective selfreport for the last 90 days. Because of the socially-sensitive nature of the topic, we caution that rates are likely underestimates or possibly overly-optimistic assessments of the true incidence of serodisclosure. Third, this sample was a convenience sample recruited online from 16 MSAs and their surrounding areas. Hence, the generalizability of findings is not known. Fourth, we do not actually know where and when the person sero-disclosed. Particularly for those who met online, the participant may have concluded he disclosed because he put something in his profile online (and assumed the partner read it), serodisclosed while organizing a meeting by email or phone, and/or serodisclosed in person prior to, during or after sex. We recommend future studies use event level investigations to explore this further.
This study has some interesting implications for HIV prevention practice. Should our ''bi-environmental hypothesis'' prove accurate, then HIV prevention counsellors could assess for mono-environmental sex seeking MSM, and where an association with risk is observed, engage in serodisclosure skills building across both environments. For example, those having challenges serodisclosing in offline environments could go through the exercise of setting up an online profile including the field of HIV status; while those who non-disclose in online environments could practice disclosing in person. Both can build skills by being exposed to the multiple different ways that serodisclosure occurs in both environments. Second, consistent with our findings, health professionals working with MSM should explicitly ask about serodisclosure across both environments as they may differ. Third, the assumptions that MSM who are out, gay-identified, and of higher SES are more sexually healthy (and especially have less internalized homonegativity and symptoms of depression) were not supported by this study. While this study could be an anomaly, we speculate that the lack of HIV prevention and decreasing services focused on gayidentified MSM for over a decade, increasing social acceptance of homosexuality, and pressure on same-sex attracted MSM to identify as gay, may be changing a longestablished relationship between coming out, gay identity, and sexual health. If so, health professionals should be cautioned not to assume that a ''gay identity'' equates with self-acceptance and lower internalized homonegativity. These findings support the recent Institute of Medicine's finding that more research is needed to address the chronic health disparities faced by gay/bisexual/MSM, and a new generation of MSM health programming, which addresses the reality of gay-identified MSM's sexual and mental health challenges in the 21st century, will likely be needed.
The dynamics of sexual risk taking, disclosure, and safer sex negotiation among MSM are complex, intertwined in individual, behavioral and environmental level factors. While HIV prevention for MSM has focused on individual and behavioral risk factors, this study highlights the importance also of considering the environment. While previous studies have focused on the Internet as a risk environment, our findings suggest bi-environmental partner seeking may also have beneficial effects.
